The results of deep-imaging observations of a candidate of an absorbed QSO at z = 0.653, AX J131831+3341, are presented. AX J131831+3341 was found during the course of optical follow-up observations of the ASCA Large Sky Survey, and has an X-ray luminosity of 10 45 erg s −1 (2-10 keV), which corresponds to those of QSOs. Its optical spectrum shows no significant broad Hβ emission line, suggesting that the object is an absorbed QSO. Deep R and V band images reveal the presence of a point-like nucleus and an asymmetric extended component. The nuclear component has a blue color, and the optical magnitude is much fainter than that expected from the observed X-ray flux for typical type-1 AGNs. These photometric properties and the presence of broad Mg II 2800Å emission can be explained simultaneously if the observed nuclear light is dominated by scattered nuclear light, though there is a possibility that the nuclear component is a slightly absorbed nucleus if its intrinsic X-ray to optical flux ratio is the largest among X-ray selected AGNs. The size of the extended component, which is thought to be the host galaxy of the QSO, is larger than those of normal disk galaxies at z = 0 − 0.75, and the absolute magnitude is similar to those of the brightest host galaxies of QSOs at redshifts smaller than 0.5. The V − R and R − I colors of the component are consistent with a 1 Gyr-old stellar population model without absorption.
Introduction
AX J131831+3341 is an AGN at a redshift of 0.653, discovered during the optical identification of hard X-ray sources in the ASCA Large Sky Survey (LSS; Akiyama et al. 2000, hereafter comparable to those of Seyfert 1.8-2 galaxies (Winkler 1992 ).
The X-ray flux of the object is 5.8 × 10 −13 erg cm −2 s −1 in a 2-10 keV band and the luminosity is estimated to be 10 45 erg s −1 , which is as large as the luminosity of the knee of the AGN luminosity function in the 2-10 keV band at z ∼ 0.6 (e.g., , and corresponds to the luminosities of QSOs. The observed X-ray spectrum of the object in a 0.7-10 keV band is described by intrinsic absorption with a hydrogen column density of * Visiting astronomer of the University of Hawaii 88 ′′ telescope.
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−4.2 × 10 21 cm −2 and an intrinsic photon index of 1.7, which is typical for broad-line AGNs. The hydrogen column density corresponds to the lower edge of the column density distribution of Seyfert 1.8-1.9 galaxies (Risaliti et al. 1999 ).
AX J131831+3341 is detected as a point source in the FIRST radio source survey (Becker et al. 1995) in the 1.4
GHz band with a flux density of 2.0 mJy; the calculated radio power of the object, L 1.4GHz , is 4 × 10 24 W Hz −1 .
The X-ray to radio-flux ratio of the object is 100-times larger than those of radio-loud AGNs, and similar to the upper envelope of radio-quiet AGNs in the ASCA LSS sample (Paper I). Therefore, AX J131831+3341 is a good candidate of a radio-quiet absorbed luminous AGN (absorbed QSO) at an intermediate redshift.
Absorbed QSOs whose luminous nuclear optical emissions are obscured make it possible to detect faint and small nebulosities around QSOs and provide a unique opportunity to examine the nature of host galaxies of a radio-quiet QSO population. In fact, an optical image of the object taken without a filter for object acquisition during a spectroscopic observation shows a faint nebulosity around a point-like component. The faint nebulosity extends ∼ 7 ′′ from the nucleus (Paper I). Since most of host galaxy imagings of radio-quiet QSOs by Hubble Space Telescope are limited below a redshift of ∼ 0.5 (e.g., Bahcall et al. 1997; Boyce et al. 1998; Hooper et al. 1997; McLure et al. 1999) , the X-ray selected absorbed QSO is a precious site for studying host galaxies of radio-quiet QSOs, especially in the intermediate-to-high redshift universe. In this paper, we present results of optical photometric and deep imaging observations of AX J131831+3341, and discuss the possibility that the object is an absorbed QSO as well as the properties of its host galaxy. Throughout this paper, we use q 0 = 0.5 and H 0 = 50 km s −1 Mpc −1 .
Observations
Deep optical imaging observations were made with the Suprime-Cam attached to the Cassegrain focus of the 8.2 m Subaru telescope on 1999 May 13, June 11, and June 12 during the first-light phase of the telescope. The camera consisted of 6 4096 × 2048 CCD chips. For the observation, a SITe 4096 × 2048 chip was used. The pixel scale of the camera was 0. ′′ 03 pixel −1 . The seeing condition during the observation was not very good (FWHM is ∼ 0. ′′ 7).
Three 600 s exposures in the R band and two 900 s exposures in the V band were obtained. Unfortunately, because the object fell at an edge of the CCD in one frame in each band, the northern part of the image in the R band and the southern part of the image in the V band were observed with shorter effective exposure times than the other region. All of the deep imaging and photometric data were analyzed using IRAF. Bias subtraction and flat-fielding with dome flats were performed. Based on the scatters of the countrate-to-magnitude conversion factors of the observed Landolt's standard stars, the uncertainties in the photometric calibrations were estimated to be 0.03, 0.06, 0.03, and 0.06 mag in the B, V , R, and I bands, respectively. The photometric calibrations of the deep Subaru images were made with bright stars whose magnitudes were measured in the UH 88 ′′ images.
Results

Morphology
The deep R band image of AX J131831+3341 is shown in figure 1 . We binned the original image in 4 × 4 pixels.
The standard deviation in the sky region of the V and R band deep images are 0.03 and 0.04 counts s −1 per 4 × 4 binned pixels, which correspond to 26.47 and 26.07 mag arcsec −2 , respectively. In figure 1 , we show a sky-subtracted image of the object with the surface brightness ranging from −3 times the standard deviation to +9 times the standard deviation as a gray scale with a linear scale.
The galaxy has a point-like nucleus and a peculiar extended component. The profile of the nucleus is well represented by the point spread function (PSF) in the image. The peculiar structure extends ∼ 8 ′′ away from the nuclear component. The structure has an asymmetric feature: it extends more in the southeastern direction than in the northwestern direction. In the southeastern region, there is a gap running from the center to the edge of the component. An extended structure is also detected in the V and I band images.
Total Magnitudes
Based on the images taken with the UH 88 ′′ telescope, the magnitudes of AX J131831+3341 are measured in a 26. ′′ 4 aperture centered on the nucleus excluding objects around AX J131831+3341 and a knot located at ∼ 10 were measured to be 21.06±0.1 and 20.04±0.1 mag in the V and R bands with the same aperture, respectively.
These magnitudes agree with those derived from UH photometric observations. The results are summarized in table
1. Hereafter, we use the V and R-band magnitudes from Subaru observations and the B and I-band magnitudes from UH 88 ′′ observations.
Colors and Magnitudes of the Extended and the Nuclear Component
To evaluate the magnitudes and colors of the extended component, we measured them within regions A and B
shown in figure To derive the photometric parameters of the nuclear and extended components separately, we deconvolved the two components using the surface-brightness profile of the object. Since the object has asymmetric and complex features, we decided to model the surface-brightness distribution of the galaxy to obtain a rather symmetric and smooth brightness distribution as follows. We first fitted ellipses, of which the centers, position angles, ellipticities, and surface brightnesses were free parameters, to the isophotes of the object, using the ellipse command of the isophot package in the IRAF. The sampling step of the ellipses changes with the semi-major axis length; the step size is taken to be one twelfth of the semi-major length of each ellipse. Next, based on the fitted parameters, we constructed a model image of the galaxy with bmodel command of the above package. The R-band image of the constructed model and the residual image after subtracting the model from the original image are shown in figure 2.
( Figure 2 is shown in the same count rate range as that used in figure 1.) As can be seen in figure 2, the constructed model well describes the overall shape of the original image. The total magnitude of the residual image is 22.0 mag, which corresponds to 16% of the total magnitudes. The method was applied not only to the deep V and R images, PSFs and the best-fit exponential laws in the V and R-bands. Since these deconvolutions reproduce the observed profiles satisfactorily in each band, we did not undertake an iteration of the profile-fitting process, and adopted these fitting results as the final ones. We applied the same deconvolution method to the I-band image, assuming that its scale length to be the same as that in the R-band image, and that the extended component dominates the surface brightness in the range between 1. ′′ 5 and 2 ′′ .
The magnitudes of the resulting nuclear components were calculated to be 22.61 ( No. ]
A Candidate of an Absorbed QSO at z = 0.653 7 21. 36, 20.19, and 19 .04 mag in the V , R, and I bands, respectively. The nuclear component contributes 24% in the V band, 13% in the R band, and 8% in the I band of the total flux; thus, the contribution from the extended component dominates the total magnitudes of AX J131831+3341 in these bands. From these magnitudes, the colors of the extended component are estimated to be V − R = 1.17 ± 0.14 mag and R − I = 1.15 ± 0.16 mag.
Discussions
Nature of the Nuclear Component
The nuclear component should be related to the AGN; strong broad Mg II 2800Å emission line is detected and the rest-frame equivalent width of the broad line (99±25Å) but, AX J131831+3341 is not such an object, because it is not a radio-loud AGN. If the absorption causes the faintness of the nuclear component, an optical extinction larger than 1.76 mag at 4000Å to the nucleus is required.
The optical extinction corresponds to A V of larger than 1.2 mag, based on the extinction curve of the Galaxy (e.g., Scheffler, Elsässer 1988) . If the object intrinsically has the typical X-ray to optical flux ratio, the optical extinction to the nucleus is estimated to be A V = 3.3 mag. The derived range of the optical extinction is consistent with that derived from X-ray spectral fitting (A V = 3.4 X-ray to optical flux ratio of the object is the largest among the X-ray selected AGNs (and thus in the minimum extinction case), the large X-ray to optical flux ratio and blue colors of the nuclear component can be explained simultaneously.
In narrow-line AGNs, some fraction of the nuclear light is scattered into our line of sight by dust particles or electrons. In narrow-line radio galaxies, the fraction is estimated to be a few percent based on spectropolarimetric observations (Alighieri et al. 1994 ). Such scattered light from an obscured AGN can dominate the optical light of an object, especially in the wavelength range below the rest-frame 4000Å, if the obscured AGN is intrinsically as luminous as the QSOs and the host has a red color, like that of an elliptical galaxy. For AX J131831+3341, assuming that the nucleus has the same intrinsic optical to X-ray flux ratio of AGNs in the EMSS sample and that 2 % of the nuclear light is scattered isotropically, the scattered component should appear with 18.7 -24.7 mag in the R band. The observed R-band magnitude of the nuclear component falls in the magnitude range. The V − R, and R − I colors are consistent with f ν ∼ ν −1.0 and the f ν ∼ constant model with an A V smaller than 1 mag. Such colors are similar to those of the scattered-light component in 3C radio galaxies (Alighieri et al. 1994) . Therefore, the scattered AGN light can be the origin of the nuclear component.
The X-ray to Mg II 2800Å flux ratio of AX J131831+3341 does not conflict with both models; the equivalent width of the broad line is similar to that of normal QSOs and the X-ray to optical flux ratio is explained by the two models. A broad Mg II 2800Å emission line found in narrow-line radio galaxies (Alighieri et al. 1994; Barcons et al. 1998 ) and narrow-line ultra-luminous infrared galaxies (Hines, Wills 1993; Hines et al. 1995 ) is thought to originate from scattered nuclear light. Non-detection of a broad Hβ line can be explained by dilution of the nuclear emission by the host-galaxy component in a red wavelength range (see e.g., figure 5 in Alighieri et al. 1994 , figure 3 in Willott et al. 2000) in the case of the scattered-light origin.
Nature of the Extended Component
The extended component is considered to be the host galaxy of the QSO. A Candidate of an Absorbed QSO at z = 0.653 9 extension of AX J131831+3341 (∼ 8 ′′ corresponds to 62 kpc at z = 0.653) is much larger than that of NGC 2992 (20 kpc away from the nucleus; Ward et al. 1980) . Similar extended tails can be seen in some Ultra Luminous Infrared Galaxies (ULIGs, Sanders et al. 1988) . It is also possible that we see an edge-on disk galaxy with an asymmetric dust lane.
We compared the colors of the extended component (region A, region B, and total−nucleus) with spectral evolution models of the galaxies in figure 4 . We used two models (Kodama, Arimoto 1997) Zheng et al. 1999 , assuming R − I color of an elliptical galaxy as 0.7). The post-starburst nature could make the host galaxy brighter than the absolute magnitude of the knee of the galaxy luminosity function at the object redshift; the total magnitude in the observer's frame R band of the 1 Gyr elliptical galaxy model is 2.7 mag brighter than that of the 6 Gyr elliptical galaxy model having the same mass.
We compare the scale length and the central surface brightness of the host galaxy with those of normal galaxies, though the extended component may not be a normal disk of a galaxy. The disk scale lengths derived from the fitting made in section 3.3 are 4. ′′ 1 and 3. ′′ 0 in V band and 2. ′′ 8 and 4. ′′ 2 in R band for the southeastern and the northwestern directions, respectively. These values in the R band correspond to the scale lengths of 22±8 kpc and 33±8 kpc at the object redshift in the southeastern and northwestern direction, respectively. The lengths are larger than the largest disk scale length of nearby galaxies (∼20 kpc; Kent 1985) . The large extended feature resembles that of early-type galaxies (NGC 3872, NGC 5533) and interacting galaxies (NGC 2770, NGC 5905) in the sample by Kent (1985) . Freeman 1970; Kent 1985) but brightest end of disks with a scale length of ∼ 20 kpc. The obtained scale lengths are almost the largest among those of normal disk galaxies at z = 0.5 − 0.75; also, the central surface brightnesses are as bright as, or slightly fainter than, those of normal disk galaxies at z = 0.5 − 0.75 (Lilly et al. 1998 ).
In figure 5 , we compared the surface brightness profile of AX J 131831+3341 with the best-fit profiles of the QSO host galaxies at z ∼ 0.2 detected in observations with Hubble Space Telescope (McLure et al. 1999) . In contrast to the exponential profile of AX J131831+3341, most of the observed profiles are well described by the de Vaucouleurs r 1/4 law, which is a typical profile of an elliptical galaxy and a bulge of a spiral galaxy. The best-fit profiles were converted from those at a redshift of ∼ 0.2 to that at a redshift of 0.653 with surface-brightness dimming of (1 + z)
and a band-shift effect by using SED of an elliptical galaxy at z = 0 (∼ 1 mag in R band), which represents their McLure et al. 1999) . We convolved these profiles with the PSF in our data. The extended component of AX J131831+3341 has a brighter surface brightness and a larger scale length than that of the QSO host galaxies.
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Many absorbed radio-quiet QSOs, like AX J131831+3341, are expected to be found in optical follow-ups of hard X-ray surveys with new-generation X-ray satellites, Chandra and XMM-Newton observatories. Information on the morphological, photometric, and spectroscopic characteristics of the host galaxies of absorbed radio-quiet QSOs, especially at an intermediate-to-high redshift universe, will be an important key to understand the QSO populations, host galaxies of QSOs and connection between galaxy evolution and AGN evolution (e.g., Boyle, Terlevich 1998 No. ]
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